The work on sea wave problem I started many years ago when I had graduated from the university. It was the time when all specialists in the earth sciences were impressed by the progress in application of computers in the geophysical fluid dynamics and, particularly, by a great success in the numerical modeling of three-dimensional atmosphere launched by Prof. Josef Smagorinsky. Being not quite well prepared for a purely analytical investigation, I felt a strong doubt about such methods since I believed that all the results obtained analytically are based on severe simplifications; therefore, they cannot be a perfect reflection of nature (my present feeling is about the same). This is why the author of this book began to meditate on the possible application of the computer modeling for sea waves. The problem of boundary layer was more familiar to me, so the first series of works was devoted to a wind-wave interaction problem. The work on mathematical modeling of sea waves was started in the 1970s, when a model for investigation of windwave interaction was completed. Actually, it was an attempt to construct a coupled windwave model, but the wave counterpart (despite the fact that it was based on the full equations) was able to generate only monochromatic linear waves. I was inspired by the publication of my first paper on this topic by Journal of Fluid Mechanics (1978). Now, I realize that the paper was quite imperfect, but the publication gave me a strong momentum for moving in this direction. The following numerous papers (see review in Chalikov 1986) considered the structure of the wave boundary layer (WBL) above 1-D wave surface assigned as a superposition of linear waves with random phases and the prescribed empirical spectrum. Gradually, I distanced myself from this activity because of growing dissatisfaction with the formulation of the problem. The model of WBL as well as its modifications was based on a finite-difference scheme with poor resolution and could not be used for investigation of a thin structure of boundary layer. Besides, the model did not use the advantages of Fourier presentation. Finally, I left my model to colleagues and students and continued working on the problems which had nothing to do with wave problems, such as the theory of ice ages, super-rotation of Venus atmosphere, and global ocean-atmosphere interaction. vii
A real breakthrough in the numerical wave modeling happened in 1989 when the conformal transformation of 1-D potential equation was first applied. In 1991, I was invited for work at the National Center for Environment Prediction (NCEP/NOAA) where excellent conditions due to the support of then Director of NCEP Eugenia Kalnay gave me a good possibility to continue my study. One of the directions of my work at NCEP was construction of the parameterization schemes for the input and dissipation of energy in the WAVEWATCH wave prediction model jointly with Hendrik Tolman. The experiments on application of the neural network (NN) technique, carried out by Vladimir Krasnopolsky with my participation, can be also referred to this direction. The construction of the first numerical model for surface waves was accelerated due to collaboration with Dmitry Sheinin. A discussion of the problem with Vladimir Zakharov was also quite useful. The extended results of simulation of the wave dynamics were first shown at Conference (Arizona University) organized by V. Zakharov (Chalikov and Sheinin 1994) . It is funny that neither I nor Sheinin knew that conformal mapping had been used before in many other works (see references in Chap. 1).
The model allowed us to obtain a lot of new results which we believe are true. After investigation of different types of wave processes, we came to the conclusion that wave motion is a more complicated phenomenon than it was assumed before.
Generally speaking, wave motion should be defined as a liquid motion with free surface in a physical space. Most of the wave specialists seem to overestimate the role of presentation of natural wave field as a set of almost independent wave modes whose energy defines the continuous wave spectrum. In reality, spectrum is not continuous, and wave surface in a statistical sense is not a physical image of spectrum because the statistical properties of surface depend on the resolution of spectrum. A spectrum of strongly nonlinear processes (e.g., the breaking spectrum) cannot be treated as a physical reality because the nonlinearity can shift the spectral density far away from its true location in the wave number space. For example, the breaking process happens at sharp crests of more or less large waves in the narrow intervals of physical space. The Fourier image of such d-like behavior turns out to be distributed over many wave numbers, while in reality, the breaking makes lower the heights of nonlinear waves.
Some of the facts discovered with the 2-D conformal model are confirmed by our 3-D model. The three-dimensional modeling is not as elegant as the two-dimensional one; besides, it takes a lot of computer time. Another property of 3-D wave simulation is that it sensitive to the initial conditions. Fortunately, this sensitivity refers to the individual solution, and to the less extent, it concerns its statistical characteristics. Anyway, for obtaining the smooth, statistically significant results. it is necessary to use the ensemble modeling, which is convenient to carry out using multiprocessor computers. The speed of the calculations remains low, which makes the entire problem quite uncomfortable. The most striking result obtained with the 3-D model is irregularity of the 2-D wave spectrum and sensitivity of its shape to the initial phases. The results obtained allow us to suggest that the Hasselmann's theory is not as universal as it was considered before. The separation of nonlinear interactions into reversible and irreversible interactions cannot viii Preface be universal. For example, the reversible interactions can initiate the wave breaking which makes them finally irreversible. Wave breaking not only decreases the wave energy but also redistributes the energy between wave components. A thoughtful reader can find some contradictions in different parts of this book. Some of these contradictions appear as a result of transformation of author's views. I prefer to leave in the book some of the contradictory points of view, since until now I have not been sure which of them are true. The physics of waves is too complicated; therefore, this book can be just considered as a first look at this marvelous phenomenon, using no sophisticated mathematics or complicated tools and sensors, except for computer.
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